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As previously reported in acute presentations of unstable 
angina, an identifiable characteristic coronary artery le•
sion has been found in about 70% of cases at coronary 
arteriography. This takes the form of an eccentrically 
placed convex stenosis with a narrow neck due to one 
or more overhanging edges or irregular, scalloped bor•
ders, or both. To study the evolution of lesions respon•
sible for unstable angina, coronary artery anatomy and 
morphology on angiography were evaluated in patients 
with stable angina progressing to unstable angina, Group 
I comprised 25 patients with a history of stable angina 
who were restudied after an acute episode of unstable 
angina and Group II comprised 21 patients with little 
or no change in symptoms between catheterizations. Pro•
gression of coronary disease occurred in 19 (76%) of 25 
patients in Group I compared with 7 (33%) of 21 in 
Group II (p < 0.001). Of the 25 lesions with progression 
in Group I, 17 progressed to less than 100% and 8 to 
Although the clinical manifestations and pathophysiology 
of ischemia differ in unstable and stable angina, quantitative 
coronary anatomic variables are similar (1,2). However, 
progression of coronary artery disease is more commonly 
observed after recatheterization in patients with stable than 
in those with unstable angina. Moise et al. (3) found pro•
gression of disease in 76% of patients with stable angina 
who were restudied after an episode of unstable angina but 
in only 32% of patients with stable angina who had no 
change in symptoms. In addition, qualitative differences 
may exist in coronary morphology between unstable and 
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100% occlusion. Eighteen of these 25 lesions in Group 
I were previously insignificant « 50% occlusion on the 
first catheterization). In contrast, of ~he eight lesions 
with disease progression in Group II, only two were 
previously insignificant while six showed at least 50% 
occJu~ion on the initial study. 
The eccentric lesion was seen in 71 % of all lesions 
with progression to less than 100% occlusion in Group 
I, but it was not seen in any Group II vessel with pro•
gression. Therefore, progression of disease is very com•
mon in acute presentations of unstable angina and most 
lesions progress from previously insignificant stenoses. 
An eccentric lesion with a narrow neck dut! to one or 
more overhanging edges or irregular, scalloped borders, 
or both, is the most common configuration of coronary 
lesions in this type of progression and it appears to be 
a major cause of unstable angina. 
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stable angina. We have demonstrated (4) in the majority of 
patients with acute presentation of unstable angina and an 
identifiable "angina-producing" vessel that a characteristic 
coronary lesion is found. An eccentric stenosis in the form 
of a convex intraluminal obstruction with a narrow neck 
due to one or more overhanging edges or irregular or scal•
loped borders, or both, is present in approximately 70% of 
patients with unstable angina but in only 16% of patients 
with stable angina. Because these patients were studied at 
one point in the natural history of their coronary disease, 
the origin of these lesions is unknown. Therefore, to study 
the evolution of lesions responsible for unstable angina, we 
evaluated the coronary artery anatomy and morphology of 
patients with progression from stable to unstable angina. 
Methods 
Patient selectlon. The study group consisted of 46 pa•
tients who underwent two cardiac catheterizations to eva!-
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uate symptoms of angina pectoris, These patients were stud•
ied after 1977 when the present equipment was installed in 
our catheterization laboratories, Only patients with high quality 
studies were analyzed, and these 46 serial studies represent 
approximately 80% of all patients who met the criteria for 
entry and whose serial films were available. In the remaining 
20%. film quality was inadequate for comparison (because 
of factors such as inadequate resolution of a lesion or dif•
ferent projections of a coronary artery between studies) and 
in a few the history was unclear. All films were eliminated 
without knowledge of the historical data. 
Group I comprised 25 patients with a history of stable 
angina who were restudied within 6 months of an acute 
presentation of unstable angina. All patients either had an 
increase in angina of at least two Canadian Heart Association 
classifications over the baseline level of angina or developed 
the new onset of prolonged nonexertional (rest) pain. There•
fore, Group I included patients whose angina classification 
changed from class I to IV (or occasionally III), from class 
II to IV or from class I or II to nonexertional pain. All 
patients in Group I fulfilled the criteria for crescendo angina 
utilized in our first study on unstable angina (4). 
Group 1/ was included as a control group and comprised 
21 patients who underwent repeat catheterization with no 
change or only a slight increase in symptoms (one Canadian 
Heart Association classification) between studies. The di•
agnosis of an acute presentation of unstable angina based 
on a chl\nge of at least two Canadian Heart Association 
classifications was also similar to that of our first report (4). 
Within Group II, 8 of the 21 patients had no change in 
symptoms and 8 had a slight increase in angina (from class 
II to III or from III to IV) or a worsening exercise tolerance 
test, or both. In the remaining five patients, unstable angina 
was present during both studies; in all five, medical stabi•
lization of angina occurred after the first catheterization but 
unstable angina recurred at the time of restudy, 
Patients with concomitant valvular heart disease. cardio•
myopathy or nonobstructive coronary disease were ex•
cluded. In addition. patients with serum enzyme or electro•
cardiographic evidence of myocardial infarction at the time 
of unstable angina were also excluded. as were patients in 
whom coronary artery bypass grafting was performed be•
tween catheterizations. Only one patient had coronary an•
gioplasty between studies. In this patient. progression of 
coronary disease occurred in an area other than the site of 
angioplasty. All historical data were tabulated independently 
of the catheterization findings. 
The mean age of the patients (± I SD) was 58.4 ± 
11.2 years in Group I versus 59.1 ± 12.1 years in Group 
II. There were 19 men and 6 women in Group I; in Group 
II all 21 patients were men. The interval between angio•
graphic studies was 30. 1 ± 21.7 months in Group I versus 
24.7 ± 20.3 months in Group II. These differences were 
not significant. Eighteen of the 25 patients in Group I under-
AMBROSE ET AL. 473 
EVOLUTION OF CORONARY ARTERY MORPHOLOGY 
went catheterization within a month of the change in symp•
toms. Risk factors for coronary artery disease were equally 
distributed between the two groups. 
Angiographic analysis. All angiographic analyses were 
performed independently and without knowledge of histor•
ical data. Coronary anatomy and morphology were evalu•
ated as in our previous studies (4,5). The percent stenosis 
was determined by the same angiographer by tracing each 
lesion and measuring it in comparison with the proximal, 
juxtaposed "normal" segment. For each pair of films in the 
same patient, comparable projections were utilized for an•
atomic and morphologic comparisons. A significant lesion 
was defined as a 50% or greater narrowing in a major coro•
nary artery branch (left main. the left anterior descending 
or a large diagonal branch, the main left circumflex or a 
large obtuse marginal or posterolateral branch, the right 
coronary artery or a large posterior descending or atrioven•
tricular continuation branch). Progression of coronary dis•
ease was defined as a stenosis of at least 70% at second 
catheterization which had increased by 20% or more from 
the first study (3.6) or any increase in a lesion resulting in 
total occlusion at the time of restudy. In patients with more 
than one significant lesion in a given arterial branch, both 
lesions were analyzed, 
Coronary morphology. Coronary morphology was de•
termined by qualitative analysis of each lesion in orthogonal 
Figure 1. Schematic drawings of the different configurations of 
stenotic lesions in coronary artery disease. Concentric lesions were 
symmetric and usually smooth. Type I eccentric lesions were 
asymmetric and smooth and most were of the type depicted on the 
right side of the drawing, Type II eccentric lesions were either 
smooth with a narrow neck (left side) or had irregular borders 
(right side). Multiple irregularities included vessels with serial 
lesions or severe diffuse disease. 
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Table 1. Initial Catheterization Findings 
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Angiographic Analysis Group I (n = 25) Group II (n = 21) 
14 of 25 (56%) 
2.1 ± 1.1 
18 of 21 (86%)t 
3.0 ± I.5t 
Multivessel disease* 
lesIOns/patient (mean ± SO) 
Lesions 2:50 < 100% occlusive 
Totally occluded lesions 
35 41 
17 21 
% Stenosis of <100% lesions 
(mean ± SO) 
75.5 ± 16.6 74.4 ± 13.4 
Morphology 
Concentric 
Type II 
Other§ 
18 (51%) 
7 (20%) 
10 (29%) 
20 (49%) 
7 (17%) 
14 (34%) 
*For the diagnosis of multi vessel disease, lesions had to be present in branches of at least two of the major 
coronary arteries; tp < 0.03; tp < 0.01; §either type I eccentric lesions or lesions with mUltiple irregularities. 
projections. A consensus of three angiographers was used 
to evaluate morphology. Lesions were categorized into one 
of three groups as in our previous study (Fig. 1). 
1. Concentric lesions. Symmetric, hourglass coronary 
artery narrowings; the borders were smooth or only slightly 
irregular. 
2. Eccentric lesions, types 1 and 11. Type I lesions were 
asymmetric narrowings in the form of a convex intraluminal 
obstruction with smooth borders and a wide neck or any 
asymmetric narrowing with smooth borders. Most type I 
lesions were of the latter type. A type II lesion was an 
eccentric stenosis in the form of a convex intraluminal ob•
struction with a narrow neck due to one or more overhanging 
edges or irregular or scalloped borders, or both. 
3. Multiple irregularities. Three or more serial, closely 
spaced narrowings or severe diffuse irregularities within a 
vessel. Intra- and interobserver reproducibility for classi•
fying a stenosis into a particular morphologic subset has 
been 95 and 88%, respectively (5). 
Statistical analysis. Groups were compared using the 
two-tailed Student's t test or chi-square analysis. Signifi•
cance was defined as a probability (p value) less than 0.05. 
Results 
Angiographic analysis of patients in Group I (progression 
to unstable angina) and Group II (no change in symptoms) 
at the time of first catheterization is shown in Table 1. At 
the time of first catheterization patients in Group II had 
more diseased vessels, more instances of multi vessel disease 
and more lesions per patient when compared with Group I. 
However, the percent stenosis of all lesions with at least 
50% and less than 100% narrowing was similar between 
groups. * 
*In 9 (20%) of the 46 patients studied, two lesions were found in one 
vessel alone or both cathelerizalions. Therefore, III the vast majority, one 
lesion was present per arterial branch. For the remainder of this presen•
tation, whenever a lesion is mentioned, the reader should assume the 
presence of a single obstruction in the artery. 
Coronary morphology was similar in both groups. The 
majority of lesions were concentric. Type II lesions were 
found in 20 and 17% percent of Group I and Group II 
patients, respectively. This incidence of type II lesions on 
initial study in these patients is strikingly similar to the 16% 
incidence of type II lesions found in patients with stable 
angina in our previous study (4). 
Progression of coronary disease. Angiographic anal•
ysis at the time of restudy and the incidence of progression 
of coronary artery disease are shown in Table 2. The total 
number of lesions with 50 to less than 100% occlusion had 
increased from 35 to 52 in Group I and from 41 to 45 in 
Group II. The number of totally occluded vessels increased 
from 17 to 25 in Group I and from 21 to 25 in Group II. 
Therefore, in Group 1, 25 lesions progressed, 8 to total 
occlusion and 17 to less than total occlusion. In Group II, 
eight lesions progressed, four to total occlusion and four to 
less than total occlusion. The percent stenosis at restudy 
(mean ± 1 SD) of the 17 lesions with progression to less 
than 100% occlusion in Group I was 86.2 ± 9.3% compared 
with 88.8 ± 7.8% in the 4 lesions with progression in Group 
II (p = NS). The average percent increase on restudy (mean 
± 1 SD) of lesions with 50 to less than 100% stenosis in 
Groups I and II that did not meet criteria for progression 
was 1.8 ± 3.7 versus 3.3 ± 4.5%, respectively (p = NS). 
Table 2. Findings at Repeat Catheterization and Incidence of 
Coronary Progression 
Group I Group II 
Angiographic Analysis (n = 25) (n "" 21) 
lesIOns 2:50 % <100% 52 45 
Totally occluded lesions 25 25 
Lesions with progressIOn 25 8 
Progression to < 100% 17 4 
Progression to 100% 8 4 
Patients with progresslOn* 19 (76%) 7 (33%) 
*p < 0.001. 
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Table 3. Stenotic Lesions That Progressed in all Patients at Restudy 
Group 
II 
No, of Lesions With 
ProgressIOn 
25 
8 
2:90%* 
3 of 10 
4 of 6 
% Stenosi~ at Imtlal Catheterization 
2:50 to <90% 
4 of 25 
2 of 35 
Normal 
to <50O/C 
18 
2 
*For both groups, p < 0,002 for lesIOns with 90% or greater stenosis versus those with 50 to less than 
90% stenosIs; that IS, lesions with 90% or greater stenosIs at imtial catheterization had a significantly higher 
rate of progression (p < 0 002) at restudy than did lesions with 50 to less than 90% stenosIs on imtlal 
catheterization 
When the data were analyzed in terms of patients with 
disease progression, 19 (76%) of 25 patients in Group I 
showed progression at restudy compared with only 7 (33%) 
of 21 in Group II (p < 0.001). Fifteen patients showed 
disease progression in one vessel, two patients in two vessels 
and two patients in three vessels. In Group II, six showed 
disease progression in one vessel and only one showed pro•
gression in two vessels. Five of the seven patients with 
progression of coronary disease in Group II were in the 
subgroup with a slight increase in angina or a worsening 
exercise test, or both, There were no significant differences 
in major cardiac risk factors between patients who did or 
did not exhibit disease progression. 
Progression from significant stenoses. Table 3 de•
scribes the anatomic findings at first catheterization in le•
sions that showed disease progression at the time of the 
second study, In Group I, 4 of 25 lesions with 50 to less 
than 90% stenosis and 3 of 10 lesions with at least 90% 
stenosis showed progression at the second study, In Group 
II, 4 of 6 lesions with at least 90% narrowing showed pro•
gression compared with only 2 of 35 lesions with 50 to less 
than 90% occlusion. Therefore, for both groups together, 
progression was significantly more common in lesions at 
least 90% occlusive at the time of first study than in lesions 
that were at least 50 but less than 90% occlusive, 
Progression from insignificant stenoses. Eighteen of 
25 lesions with disease progression in Group I and 2 of 8 
lesions in Group II were less than 50% occlusive at first 
study and in most cases (14 of 18), these less than 50% 
stenoses represented no more than mild irregularities within 
GROUP I GROUP II 
the coronary artery (Fig. 2). Eight of the lesions were "new." 
arising from previously normal-appearing vessels, Within 
Group I, 5 of 18 previously insignificant lesions (initially 
<50%) were totally occluded and 13 of 18 were at least 70 
but less than 100% occluded, The percent stenoses of these 
13 lesions averaged 83,9 ± 9.0%. Within Group II, six of 
eight lesions with progression were initially significant le•
sions and two were initially insignificant; both initially in•
significant lesions were less than 100% occluded on restudy, 
These differences between Groups I and II in the percent 
of lesions progressing from less than 50% stenosis fall just 
short of significance (18 of 25 versus 2 of 8, respectively; 
p < 0, I, P > 0.05 using 2 x 2 chi-square with Yates' 
correction). 
Coronary morphology. The morphologic findings in 
patients with progression of disease are contained in Table 
4. Of the 25 lesions with progression in Group I, 17 were 
less than 100% and 8 were totally occluded, Type II ec•
centric lesions were found in 12 (71 %) of 17 lesions that 
progressed to less than 100% occlusion and in 9 (69%) of 
13 lesions with less than 100% occlusion progressing from 
previously insignificant stenoses, Among the 11 patients 
who had disease progression in only one vessel and had a 
lesion of less than 100% occlusion, 9 (82%) of 11 lesions 
were a type II eccentric lesion (Fig, 3), There were no type 
II lesions in vessels that progressed to less than 100% oc•
clusion in Group II, Of the seven lesions in Group I that 
progressed from a previously significant stenosis, two le•
sions evolved from concentric to type II eccentric, one re•
mained concentric and another was type II at both studies. 
Figure 2. Diagrammatic representation of all lesions 
with progression in Groups I and II from previously 
significant (PS. 2: 50% at first catheterization) or pre•
viously insignificant (PI. < 50% at first catheteriza•
tion) lesions, 
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Table 4. Coronary Morphology on Second Catheterization of 
all 33 Lesions With Progression of Disease 
Type of Lesion Group I Group II 
Concentric 2 
Eccentric 
Type I 3 3 
Type II 12 0 
Total occlusions 8 4 
Total 25 8 
In the other three, the veSsel progressed to total occlusion 
at restudy, Within Group II, all four lesions with at least 
90% stenosis at first catheterization progressed to total oc•
clusion. A typical example of a previously insignificant 
lesion that progressed to a type II eccentric lesion in a patient 
with unstable angina is depicted in Figure 4. 
Discussion 
Progression of coronary artery disease is commonly found 
in patients with a history of stable angina who have under•
gone repeat angiography after an episode of unstable angina. 
Our study confirms the work of Moise et a!. (3), and in 
both studies progression of disease occurred in about 75% 
of patients. However, in this study we have analyzed for 
the first time the coronary artery morphology of patients 
with such progression. The type II eccentric lesion was the 
most common morphologic feature in patients who had pro•
gression of disease and a significant lesion that was not 
totally occluded. The predominance of the type II eccentric 
lesion in unstable angina is similar to that found in our 
previous study (4). 
Figure 3. Bar diagram depicting the incidence of type II lesions 
in Group I that progressed (Prog.) to less than 100% obstruction. 
PI = preVIOusly insignificant. 
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Figure 4. Selected angiographic frames from a patient in Group 
I with a type II lesion in the right coronary artery that had pro•
gressed from a previously insignificant stenosis. In the top frame, 
there are only mild irregularities in the artery. In the bottom frame 
taken 4 months later when unstable angina developed, a type II 
lesion was seen (arrow). Both frames are in the left anterior 
oblique projection. 
Evolution of coronary lesions in unstable angina. The 
present study also addresses the evolution of these lesions 
in unstable angina. Seventy-two percent (18 of 25) of all 
lesions with progression of disease in Group I were insig•
nificant at the time of first catheterization. This incidence 
is higher than that reported by Moise et al. (3), who noted 
progression from an insignificant lesion in only 38% of 
patients with progression of unstable angina. Our higher 
rate of progression from insignificant disease may reflect 
patient selection. In their diagnosis of unstable angina, Moise 
et a!. (3) included all patients with crescendo angina or 
prolonged rest pain. We defined unstable angina as only 
class III or IV angina or prolonged rest pain that had recently 
increased by at least two Canadian Heart Association clas•
sifications within 6 months of restudy. Recently, Singh (7) 
reported a 52% incidence rate of new lesions in patients 
with progression of clinical coronary disease. However, in 
his series, patients with myocardial infarction as well as 
unstable angina were analyzed. 
Although progression was more common in Group I as 
compared with Group II (76 versus 33%), patients in Group 
II with a slight increase in angina or a worsening exercise 
test also had a high rate of progression of coronary artery 
disease (63%. or 5 of 8 patients). In contrast to Group I, 
progression in Group II usually occurred in vessels with a 
previously significant stenosis rather than in vessels with an 
JACC Vol. 7. No 3 
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insignificant lesion. In addition, type II eccentric lesions 
were not present in any vessels with disease progress in 
Group II. Therefore, anatomic and morphologic differences 
appear to exist between Groups I and II in terms of pro•
gression. However, a larger number of patients will be needed 
to substantiate these findings. 
Clinical presentation. In patients with acute presenta•
tion of unstable angina, a change in coronary perfusion 
relative to myocardial oxygen demand is the most likely 
pathophysiologic explanation for angina. Because the av•
erage percent stenosis on restudy of lesions that progressed 
and were less than 100% stenotic was only 86%, it is pos•
sible that reversible decreases in stenosis diameter or even 
reversible total occlusion was responsible for episodes of 
rest pain in these patients. Transient platelet aggregation 
with thrombus formation or vasospasm, or both, is the most 
likely explanation for the temporary severe decrease in coro•
nary perfusion (8,9). One cannot totally exclude a transient 
increase in oxygen demand in an acutely narrowed coronary 
artery as an additional cause of rest pain. 
Pathologic correlations. While the pathologic signifi•
cance of the various lesion configurations is unknown, we 
suspect that the type II eccentric lesion represents plaque 
disruption or a partially occlusive thrombus, or both. Post•
mortem angiographic studies in patients dying after myo•
cardial infarction or at bypass surgery have shown that ec•
centric and irregular plaques frequently represent plaque 
rupture, with associated dissecting hemorrhage, or super•
imposed partially occlusive or recanalyzed thrombus (10). 
Pathologic studies in patients dying suddenly or from myo•
cardial infarction have indicated a high incidence of throm•
bus overlying a disrupted atherosclerotic plaque (11-14). 
The type II lesion is an eccentric bulge into the lumen and 
it probably represents a similar process as in the above 
pathologic studies. A lesion similar in appearance was also 
described by Singh (7) in his patients with rapidly progres•
sive coronary lesions at the time of recatheterization. Since 
the description of hemorrhage into a plaque with possible 
rupture of the intima by Wartman in 1938 (11), more recent 
pathologic studies (13,14) suggest that fissuring of the plaque 
due to intimal dissection is the main cause of plaque disruption. 
Study limitations. Patient selection and numbers. In 
this study, unstable angina was defined in terms of an acute 
and marked increase in symptoms. All patients in Group I 
had crescendo angina, and although some patients in Group 
II had angina at rest and would have fallen into the broad 
category of unstable angina, these patients were classified, 
according to their antecedent history, in the "no change" 
or "slight increase" group. Therefore, our results on pro•
gression of disease in unstable angina are not applicable to 
all patients with a diagnosis of unstable angina but only to 
patients with an acute and marked recent change in symp•
toms. In addition, the number of patients in each group was 
small. Nevertheless, Group I represented a homogeneous 
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population of patients with crescendo angina. Although Group 
II did not appear homogeneous, patients were linked by 
either no change or by a slight increase in symptoms between 
studies. While the subgroup of patients with a slight increase 
in symptoms had a high incidence of progression and might 
have fit into Group I, the morphologic features of these 
lesions were different from those in Group I. Therefore, the 
classification of these patients in Group II is probably jus•
tifiable. 
Coronary anatomy and morphology. In patients with 
progression of disease, it was assumed that the lesion with 
progression was responsible for the change in symptoms. 
Because most patients had multivessel di~ease, it is possible 
that other vessels with significant lesions were responsible 
for the symptom change. However, all lesions with pro•
gression were severe and lesions without progression changed 
little between studies. It is therefore likely that the lesion 
with progression was responsible for the unstable angina. 
In addition, the method for measuring a stenosis was crude 
in comparison with newer quantitative techniques (15,16). 
Nevertheless, we have found the technique used in this study 
to be reproducible and a change of at least 20% between 
studies undoubtedly represents a real difference in stenosis. 
An additional limitation is that nitroglycerin was not rou•
tinely used during coronary arteriography in all patients. 
Conclusion. Progression of coronary artery disease is 
commonly observed in patients with a history of stable an•
gina who are restudied after an acute episode of unstable 
angina. Progression in acute presentations of unstable an•
gina usually evolves from a previously insignificant rather 
than a previously significant stenosis. The type II eccentric 
lesion is the most common morphologic feature of disease 
progression in unstable angina and we think it may represent 
a disrupted atherosclerotic plaque or a partially lysed throm•
bus, or both. This lesion appears to be a major cause of 
unstable angina. 
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